APPARATUS AND METHOD FOR CONVERTING TO 
PROGRESSIVE SCANNING FORMAT 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[01] The present invention relates to converting the format 
of image signals from an interlaced scanning to a progressive 
scanning, and more particularly, to an apparatus and a method for 
converting to a progressive scanning format which restores the 
line data missing from each field of an image by analyzing 
motions of corresponding reference fields of the image. 

Background of the Related Art 

[02] Recently, digital image devices such as digital 
televisions and DVDs became so popular so that they now coexist 
with analog image devices such as conventional television systems 
Therefore, it is necessary to display analog signals on the 
digital devices. Generally, the analog TV image signals have an 
interlaced scanning format, so it is required to increase the 
scanning or resolution rate of the signals in order to properly 
display them on a high quality display unit. For that reason, the 
signals having the interlaced scanning format should be converted 
to a progressive scanning format. 



[03] According to a typical method currently being used for 
such format transformations, values of pixels corresponding to 
two lines adjacent to a missing line in a field are analyzed and 
their average values are being used to estimate values of pixels 
corresponding to the missing line. 

[04] After deciding whether there is any motion of the 
image by analyzing pixel values of the frame or adjacent field, 
average values obtained from the corresponding field are used if 
there is any movement, and otherwise, the pixel values in a prior 
or next field are used to estimate the missing line. This is 
because checking an existence of the motion is comparatively 
simpler than estimating a degree/amount of the motion, and it 
involves less number of calculations. 

[05] However, even if there is any very small amount of the 
movement in the image, the pixel values must be obtained only 
from information given from the current field, causing 
inefficient uses of available information, and the spatial 
resolution of the screen is reduced so that the display quality 
is significantly degraded. 

[06] As a matter of fact, moving image data are constantly 
changing, but we can only presume that adjacent picture frames 
have high correlations to each other, and the levels of such 
movements are quite insignificant. Therefore, if we are able to 
utilize not only characteristics of the reference frames, but 



also amounts of their movements, the resolution of the image can 
be greatly enhanced while the missing data can be restored with 
values closer to the actual values. 

[07] The conversion to the progressive scanning format 
utilizing the amounts of frame motions will also have a 
substantial effect to improve a vertical scanning rate (refresh 
or frame rate) . As it can be seen from the case of changing a 
frequency from 24Hz, which is used for films, to 30Hz for NTSC 
televisions, it is important to increase the vertical scanning 
rate X times, where X is a non-integer (i.e., X=1.5). In order to 
achieve this, it is more efficient to make composite images 
between given image frames using the information given from the 
image motions. Otherwise, the cumulative error will be increased 
significantly . 



SUMMARY OF THE INVENTION 

[08] Accordingly, the present invention is directed to a an 
apparatus and a method for converting to a progressive scanning 
format that substantially obviates one or more problems due to 
limitations and disadvantages of the related art. 

[09] An object of the present invention is to provide an 
apparatus and a method for converting to a progressive scanning 
format by taking pixel values from a prior or next field to 
estimate the pixel values corresponding to a missing line in a 
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current field based on image motion information estimated from 
the moving image . 

[10] Another object of the present invention is to provide 
an apparatus and a method for converting to the progressive 
scanning format, wherein the apparatus includes a composite 
structure consisted of a part using current field information and 
the other part using prior or next field information based on the 
motion information estimated from the moving image. 

[11] Another object of the present invention is to provide 
an apparatus for changing a vertical scanning rate of the image 
signals by using the motion information estimated from the moving 
image . 

[12] Additional advantages, objects, and features of the 
invention will be set forth in part in the description which 
follows and in part will become apparent to those having ordinary 
skill in the art upon examination of the following or may be 
learned from practice of the invention. The objectives and other 
advantages of the invention may be realized and attained by the 
structure particularly pointed out in the written description and 
claims hereof as well as the appended drawings. 

[13] To achieve these objects and other advantages and in 
accordance with the purpose of the invention, as embodied and 
broadly described herein, a apparatus for converting image 
signals from an interlaced scanning format to a progressive 
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scanning format includes the following: a field motion estimator 
that estimates field motions between a current field and 
reference fields, the reference fields being prior or next to the 
current field; a field motion compensator that restores a missing 
line of the current field using information given from an optimal 
reference field if the optimal reference field unevenly matches 
to the current field, the optimal reference field being one of 
the reference fields having the shortest distance to the current 
field; a linear interpolator that restores the missing line of 
the current field by linearly interpolating lines located 
adjacent to the missing line in the current field if the optimal 
reference field evenly matches to the current field; an edge- 
preserving filter for smoother slanting lines of an image of the 
image signals; and a field buffer that stores the current field 
and the reference fields and provides them to the field motion 
estimator and the field motion compensator. 

[14] In another aspect of the present invention, a 
apparatus for changing a vertical scanning rate of progressively 
scanned image signals includes the following: a field motion 
estimator that estimates field motions between a current field 
and reference fields, the reference fields being prior or next to 
the current field; a field motion compensator that restores a 
missing line of the current field using information given from an 
optimal reference field if the optimal reference field unevenly 



matches to the current field, the optimal reference field being 
one of the reference fields having the shortest distance to the 
current field; a frame motion estimator that estimates frame 
motions between adjacent frames using the progressively scanned 
image signals and field motion estimated in the field motion 
estimator; a frame motion compensator that provides a new 
composite image between the adjacent frames using the frame 
motions estimated in the frame motion estimator; a linear 
interpolator that restores the missing line of the current field 
by linearly interpolating lines located adjacent to the missing 
line in the current field if the optimal reference field evenly 
matches to the current field; an edge-preserving filter for 
smoother slanting lines of an image of the image signals; a field 
buffer that stores the current field and the reference fields and 
provides them to the field motion estimator and field motion 
compensator; and a frame buffer that stores the progressively 
scanned image signals and outputs the signals to the frame motion 
estimator and the frame motion compensator. 

[15] In another aspect of the present invention, a method 
for converting image signals from an interlaced scanning format 
to a progressive scanning format includes: estimating field 
motions between a current field and reference fields, the 
reference fields being prior or next to the current field; 
restoring a missing line of the current field using information 
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given from an optimal reference field if the optimal reference 
field unevenly matches to the current field, the optimal 
reference field being one of the reference fields having the 
shortest distance to the current field; restoring the missing 
line of the current field by linearly interpolating lines located 
adjacent to the missing line in the current field if the optimal 
reference field evenly matches to the current field; making 
smoother slanting lines of an image of the image signals by using 
an edge-preserving filter; and storing the current field and the 
reference fields in a field buffer. 

[16] In another aspect of the present invention, a method 
for changing a vertical scanning rate of progressively scanned 
image signals includes the following: estimating field motions 
between a current field and reference fields, said reference 
fields being prior to or next to the current field; restoring a 
missing line of the current field using information given from an 
optimal reference field if the optimal reference field unevenly 
matches to the current field, the optimal reference field being 
one of the reference fields having the shortest distance to the 
current field; estimating frame motions between adjacent frames 
using the progressively scanned image signals and the estimated 
field motions; proving a new composite image between the adjacent 
frames using the frame motions estimated; restoring the missing 
line of the current field by linearly interpolating lines located 
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adjacent to the missing if the optimal reference field evenly 
matches to the current field; making smoother slanting lines of 
an image of the image signals using an edge-preserving filter; 
storing the current field and the reference fields in a field 
buffer; and storing the progressively scanned image signals in a 
frame buffer. 

[17] It is to be understood that both the foregoing general 
description and the following detailed description of the present 
invention are exemplary and explanatory and are intended to 
provide further explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[18] The accompanying drawings, which are included to 
provide a further understanding of the invention and are 
incorporated in and constitute a part of this application, 
illustrate embodiment ( s ) of the invention and together with the 
description serve to explain the principle of the invention. In 
the drawings; 

[19] FIG.l illustrates a first type of comparison between a 
current sub-image and a reference sub-image in a field motion 
estimator (even match) ; 

[20] FIG. 2 illustrates a second type of comparison between 
a current sub-image and a reference sub-image in a field motion 
estimator (uneven match) ; 
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[21] FIG. 3 illustrates a direction of horizontal 
computations ; 

[22] FIG. 4 illustrates a direction of vertical 
computations ; 

[23] FIG. 5 illustrates the structure of an apparatus for 
converting the format of image signals to a progressive scanning 
according to the present invention; 

[24] FIG. 6 illustrates the structure of an apparatus for 
changing the vertical scanning rate of progressively scanned 
image signals according to the present invention; 

[25] FIG. 7 illustrates a first example set of a current 
field and reference fields; and 

[26] FIG. 8 illustrates a second example set of a current 
field and reference fields. 

DETAILED DESCRIPTION OF THE INVENTION 
[27] Reference will now be made in detail to the preferred 
embodiments of the present invention, examples of which are 
illustrated in the accompanying drawings. 

[28] Generally, in order to estimate the motion between two 
frames, an image is first divided into several sub-images, and 
then the motion of each divided sub-image is estimated. 
Correlations between a current sub-image (a sub-image in a 
current field) and sub-images of the reference fields spatially 
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located close to the current field are initially evaluated, and 
the optimal sub-image of reference field that has the shortest 
distance from the current sub-image is determined. 

[29] Although the size of each sub-image is normally 
variable depending upon the size of the entire image or the 
volume of calculations, a size of 16 by 16 is typically used. 
However, this size is usually appropriate for an encoding process, 
but rather a smaller size is desired for handling interpolations 
or compensations of motions. A size of 8 by 8 is used in the 
present invention. 

[30] Since each line is missing between field lines of an 
image having an interlaced scanning format, it is impossible to 
estimate the motion of each field line using the conventional 
motion estimator. For this reason, it is necessary to extract 
information from the lines located adjacent (one above and one 
below) to the missing line so that the conventional (frame) 
motion estimator can be used instead of the field motion 
estimator. However, data from each line of the image is used to 
obtain the desired motion information as follows. 

[31] For estimating motions between a reference field and a 
current field in a field motion estimator, the reference field 
can be matched to the current field in two types as shown in 
FIG.l and FIG. 2 where B Y and F 7 represent the vertical value of 
the sub-image and the vertical component value of the motion 
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vector between the reference and the current sub-images. In FIG.l, 
the reference sub-image evenly matches to the current sub-image: 
line 0 corresponds to line 0, line 2 corresponds to line 2, and 
so on. On the other hand, the reference sub-image unevenly 
matches to the current sub-image in FIG. 2: line 1 corresponds to 
line 2, line 2 corresponds to line 3, and so on. The correlation 
between the sub-images is evaluated by calculating the sum of 
absolute differences between the reference sub-image and each 
line of the current sub-image. For example, the sum of absolute 
differences of line 1 of the current sub-image for FIG.l and 
FIG. 2 are 

|^0j + \A0 + A2\ + \A2\ + \A2 + A4\ + \A4\ + \A4 + A6\ + \A6\ + \A6 + AS\ 
and | AO + Al\ + \A\ + A2\ + \A2 + A3\ + \A3 + A\\ + \A4 + A5\ + \A5 + A6\ + \A6 + Al\ + \A1 + A8\ , 
respectively. The sum of absolute differences of the current sub- 
image is obtained by adding values of all lines. 

[32] In general, computations are performed in a horizontal 
direction as shown in FIG. 3. However, computations of adjacent 
lines are repeated when they are performed in a vertical 
direction as shown in FIG.l and FIG. 2 so that the total 
calculation volume can be reduced. Therefore, computations should 
be performed in a horizontal direction if the present invention 
is embodied by hardware, and progressive computations should be 
performed in a vertical direction. 
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[33] FIG. 5 illustrates the structure of an apparatus for 
converting to a progressive scanning format using the field 
motion estimator. It includes a field buffer (10) that stores 
fields of an image having a interlaced scanning format, a field 
motion estimator (11) for estimating motions between a current 
field and reference fields (prior and next) outputted from the 
field buffer (10), a field motion compensator (12) that 
compensates the motion of missing lines of the current field by 
using the motion information of the optimal reference field 
having the shortest distance to the current field, an edge 
preserving filter (13) that generates the image in smoother 
slanting lines, and a linear interpolator that interpolates pixel 
values corresponding to the missing line of the current field by 
using the pixel values of the adjacent lines of the same field 
when there is no motion estimated from the field motion estimator 
(10) . 

[34] The field buffer (10) receives its input data (SI) 
consisted of the current field and the reference fields. Four or 
more fields can be stored in the field buffer (10) . The output 
data from the field buffer (10) are inputted to the field motion 
estimator (11) and the field motion compensator (12) . When a pair 
of sub-images between the current field and an optimal reference 
field having the closest distance to the current field is similar 
to FIG.l, the reference sub-image does not contain more 
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information than the current sub-image does. However, if the pair 
of sub-images is matched as shown as FIG. 2, the current and the 
reference fields are supplementary to each other. In other words, 
the missing information can be estimated by using information in 
the optimal reference field. More accurate restoration of the 
missing line of the current frame can be achieved if matched 
shown as FIG. 3. 

[35] When the pair of sub-images has a FIG. 2 format, the 
pixel values of the missing line of the current field are 
estimated by taking the pixel values of the corresponding line of 
the optimal reference field (being closest to the current field) . 
However, when the estimated motion has a FIG.l format, reference 
fields do not include necessary information. In this case, the 
linear interpolator (14) is used to estimate the pixel values of 
the missing line of the current field by linearly interpolating 
the pixel values of the adjacent lines located in the current 
field. As indicated, the linear interpolator (14) is used to 
determine the values of pixels that are not processed by the 
field motion compensator (12) . Therefore, the output S3 has the 
progressive scanning format. 

[36] When slanting lines are processed through the linear 
interpolator (14), they may be appeared in a step form. This 
results a poor visibility and image quality. For this reason, the 
edge-preserving filter (13) is placed to perform an additional 

13 



edge-preserving process on certain pixels before image data are 
inputted to the linear interpolator (14) . 

[37] Both of FIG. 7 and FIG. 8 illustrate a current field and 
reference fields, but their orders are different. The shaded 
field is the current field, and all others are reference fields. 

[38] According to the FIG. 7, one preceding field and two 
following fields are used as the reference fields. On the other 
hand, two preceding fields and one following field are used as 
the reference fields according to the FIG. 8. In both cases, 
generally, the parity of one of the reference fields is same as 
the parity of the current field, and the parities of others are 
different. However, they do not have to be in this manner. 

[39] FIG. 6 illustrates a vertical scanning rate (frame 
rate) converter using the progressive scanning format converting 
apparatus shown in FIG. 5. According to FIG. 6, the vertical 
scanning rate converter includes the buffer field (10), the field 
motion estimator (11), the field motion compensator (12), an 
edge-preserving filter (13), the linear interpolator (14), and 
additionally, a frame buffer (15) that stores an output image 
(S3) having the progressive scanning format, a frame motion 
estimator (16) that receives the output information generated 
from the frame buffer (15) and the field motion estimator (11) 
and estimates the motion between the frames, a frame motion 
compensator (17) that receives the output from the frame motion 
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estimator (16) and the frame buffer (15) and provides a composite 
image between the frames. 

[40] Accordingly, image signals having the progressive 
scanning format (S4) is stored in the frame buffer (15) without 
being processed in the format conversion process. However, the 
image signals having the interlaced scanning format (SI) are 
processed in the format conversion process and converted to the 
image signals having the progressive format (S3) . The converted 
signals (S3) are stored in the frame buffer. The frame motion 
estimator (16) then receives the image signals having the 
progressive format (S3 or S4) and generates motion vectors 
between the frames. If the format conversion process has been 
performed previously, the frame motion estimator uses the field 
motion information (S2) for determining its initial estimated 
value. The frame motion compensator (17) controls the size of the 
motion vectors based on a ratio of a distance between a desired 
location and the reference frame to a distance between the 
desired location and the current frame. Thereafter, it composes 
an image (S6) between the current and reference fields by 
performing motion interpolations. When S3 and S6 are outputted in 
a given order, a moving image now has a new vertical frequency 
(vertical scanning rate) . 

[41] As explained above, the apparatus and method of 
converting to the progressive scanning format and the 
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corresponding vertical scanning rate converter has following 
advantages. First, both of the information of the current field 
and the reference fields are optimally utilized so that the 
estimated values are closer to the real values than the estimated 
values obtained only from the current field information by 
interpolations. Therefore, the vertical resolution of the image 
is greatly enhanced. Secondly, improved spatial and time 
resolutions of moving images can be achieved by using the 
apparatus for converting to the progressive scanning in the 
vertical scanning rate converter. 

[42] The forgoing embodiments are merely exemplary and are 
not to be construed as limiting the present invention. The 
present teachings can be readily applied to other types of 
apparatuses. The description of the present invention is intended 
to be illustrative, and not to limit the scope of the claims. 
Many alternatives, modifications, and variations will be apparent 
to those skilled in the art. 
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